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Identical Binding Sites–Nonidentical Functions in
Eukarya and Archaea: The Complex of aeIF6 with the
Large Ribosomal SubunitShortly after publishing the crystal structure of the
eukaryotic 60S–eIF6 complex prepared in vitro,1
Greber et al. describe the cryo-electron microscopic
(cryo-EM) structure of the native 50S–aIF6 complex
derived from the archaeon Methanothermobacter ther-
mautotrophicus with the remarkable cryo-EM resolu-
tion of 6.6 Å.2 The binding site of aeIF6† at the protein
L14 of the large ribosomal subunit is identical in
archaea and eukarya (Fig. 1), whereas the functions of
this factor in both domains are probably not.
Various structures of archaeal 50S subunits have
been reported before, one X-ray structure3 and
various archaeal structures at low resolution.4 A
comparison of the mentioned archaeal structures
with those of eukaryotes1,5 reveals interesting evolu-
tionary trends. (i) After separation of the archaeal and
eukaryotic lineages about 2.9×109 years ago,6 the
eukaryotic ribosomes have enlarged the ribosomal
RNAs (rRNAs) and the number of proteins, whereas
in archaeal, the opposite is seen: the number of
proteins are reduced, and the expansion sequences‡
are shorter or absent. For example, the large
ribosomal subunit of yeast ribosomes contains 46
proteins (L-proteins) and that of the archaeon
Haloarcula marismortui contains 31 proteins (Refs. 5
and 4, respectively). (ii) The domain archaea com-
prises two kingdoms, Euryarchaeota and Crenarch-
aeota, which are separated by a deep evolutionary
bifurcation that goes back to about 2.8×109 years ago.
In other words, the evolutionary distance between
these two kingdoms is almost as large as each of the
branches to the eukaryotes. In Euryarchaeota, the
reduction of proteins is even more pronounced than
in the other branch, for example, 31 L-proteins in the† aeIF6 denotes the ortholog factor family in archaea
and eukarya: aIF6 that in archaea and eIF6 that in
eukarya.
‡Expansion segments are rRNA stretches not seen in
bacterial ribosomes.
0022-2836 © 2012 Elsevier Ltd. Open access under CC BY-NC-ND licenEuryarchaeonH. marismortui and 36 L-proteins in the
Crenarchaeon Sulfolobus acidocaldarius.
aeIF6 is an essential protein and exists in both
archaea7 and eukarya8 but not in bacteria. The
monomeric factor with about 250 amino acids has a
5-fold axis of pseudosymmetry, a fold that was
called “pentein”9 (Fig. 1). It binds to the 60S
ribosomal subunit and prevents association of the
subunits.10 Biochemical data have identiﬁed L14
(named L23 in eukaryotes) as the main docking
partner in archaea,11 which could be conﬁrmed
shortly after, with yeast ribosomes in a cryo-EM
reconstruction at a resolution of 11.8 Å.12
The function of this factor was seen in regulating
the pool of subunits required for initiation of
translation because in vitro protein synthesis is
inhibited by the addition of eIF6 as observed in
archaeal11 and eukaryotic systems.8 The demonstra-
tion of the presence of eIF6 in nucleoli of mice
suggested a role of eIF6 also in ribosome biogenesis.8
The situation in yeast seems to be more unequiv-
ocal. Yeast lysate depleted of eIF6 is fully competent
in protein synthesis, and addition of eIF6 does not
stimulate protein synthesis.7 In contrast, such a
depletion disturbs the 60S biogenesis and causes a
serious imbalance of the 40S:60S ratio, the late
processing step is blocked, where 27S rRNA is
cleaved into 25S rRNA plus 5.8S rRNA.13 A
transient phosphorylation of eIF6 was reported to
be responsible for the nucleolar–cytoplasmic shut-
tling in yeast: phosphorylation by a nuclear isoform
of the kinase CK1 triggers the nuclear export, and
dephosphorylation by calcineurin phosphatase pro-
motes nuclear localization.14 Furthermore, two
yeast proteins responsible for both the nuclear
export of eIF6 complexed to the premature 60S
subunit and the subsequent release of eIF6 were
identiﬁed, the G-protein Eﬂ1 (elongation factor-like
protein 1), which is similar to EF-G/EF-2, and the
protein Sdo1.15 Sdo1 is particularly interesting
because it is an ortholog of the mammalian essentialse.
Fig. 1. Large ribosomal subunit in complex with initiation factor 6. (a) Crystal structure of the 60S subunit of Tetrahymena
thermophila. rRNA is shown in gray, ribosomal proteins are shown in beige, and the ribosomal protein L14 is shown as surface
presentation in cyan. CP, central protuberance; SB, stalk base. (b) Same as (a) including the initiation factor eIF6 bound to the
60S subunit in red. Coordinates were taken from Protein Data Bank entries 4A17 and 4A19.1 (c) Cryo-EM structure of the
M. thermautotrophicus 50S subunit (cyan) showing the density for aIF6 (red). Taken from Fig. 2 of Ref. 2 with permission.
132 Binding Sites and Functions of aeIF6afactor SBDS, mutations of which cause the autoso-
mal recessive disorder called the Shwachman–
Bodian–Diamond syndrome characterized by bone
marrow failures. At least, in mice, phosphorylation
of eIF6 is not involved.16
The interesting point is that the attachment of aeIF6
to the ribosome has not been changed over the last
∼3×109 years in both archaea and eukarya, but the
functions in both domains developed into different
directions. In eukarya, there are hard data demon-
strating that eIF6 is a late 60S assembly factor. An Eﬂ1
ortholog does not exist in archaea in contrast to an
SBDS/Sdo1 ortholog,17 and it has been speculated
that the archaeal EF-G takes over the function of Eﬂ1
concerning the release of aIF6.Nevertheless, a pre-50S
transport is not required due to the absence of a
nuclear membrane. Therefore, aIF6 might have the
function of an anti-association factor that binds to
mature 50S subunits and regulates the pool of
subunits required for archaeal initiationof translation.Acknowledgement
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